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O (S'^ Abstract: The present invention relates to cait>on containing agglomerates for use as a reduction material in production of 
^ metals and alloys. The agglomerates comprise a binder and iO to 80% by weight of one or more fine particulate carbon materials 
^ dispersed in a carbon-containing material which has or which forms pores during beating. 
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Title of invention: Carbon-containing agglomerates. 
Technical Field 

The present invention relates to carbon-containing agglomerates for the use 
5 as reduction material in electric smelting furnaces for the production of metals 
and alloys, more particulariy for the use in electric smelting furnaces for the 
production of pig iron, ferro alloys and silicon. 

Background Art 

In the production of pig iron, ferro alloys and silicon, fossile carbon in the form 
10 of lumpy coal or coke or biocarbon in the form of lumpy char coal and in the 
form of wood chips are used as reduction materials. It is further known to use 
agglomerates in the form of briquettes or pellets of pulverized coal or coke, 
optionally with addition of iron oxide or other metal oxides. 

In many of these processes the reduction materials react with a gas phase. 
15 that is, carbon in the form of coke, coal or charcoal reacts with an oxidizing 
gas such as oxygen, carbonmonoxide or silicon monoxide. Lumpy carbon 
materials are in these processes consumed from the outside and releases 
continuously new unreacted surface. 

In some instances the carbon containing reduction materials have to be 
20 cmshed into a fine particulate material whereafter the fine particulate carbon 
materials are subjected to cleaning processes to achieve a desired purity. 
Mineral impurities can for instance be removed from coal by crushing the coal 
and separation of minerals from the coal by flotation. In other cases the 
carbon-containing material exists in fine particular forms, such as for instance 
25 carbon black. Further, there are available large amounts of fine particulate 
coal, coke and char coal as it is usual to remove these fines from the lumpy 
materials by sieving before the lumping material are used as reduction 
materials. Fines of coal and coke thus represent both an economic loss and a 
storage problem for producers of metals and alloys. Fine particulate reduction 
30 materials are normally not suited for supply to reactors and smelting furnaces 
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where they are to react with a gas. Typical problems that occur when fine 
particular reduction materials are added in such processes are that the 
charge in the reactor becomes too dense, thus not allowing the gas to pass 
through the reactor charge. Further, a part of the fine particulate reduction 
material is lost from the reactor with the off-gases. 

In order to avoid these problems it is known to agglomerate fine particulate 
reduction materials before they are added to the reactor or to the smelting 
furnace. This is usually done by agglomerating the fine particulate reduction 
material by adding a suitable binder. It has, however, been found that such 
agglomerates have a low reactivity and are thus not well suited as reduction 
material for the production of pig iron, ferro alloys and silicon, it is assumed 
that the reason for the low reactivity for such agglomerates is that the 
agglomerators are to dense whereby the reaction gas will diffuse too slowly 
into the agglomerates. 

In the production of silicon and ferrosilicon it is often a wish to obtain products 
with high purity. Most of the impurities are supplied to the silicon or the 
ferrosilicon through the reduction materials, while the silicon source, which 
normally is quartz, can be obtained at a high purity. In the production of silicon 
and ferrosilicon SiO-gas is formed as an intermediate compound when quartz 
is being reduced. More than 80 % of the energy supplied in the production of 
silicon and ferrosilicon is used to produce SiO-gas. It is therefore of vital 
importance that this chemical compound is conserved in the process. This is 
done by supply of carbon that forms or has a porous structure into which the 
SiO-gas can diffuse and react. The chemical reaction that occurs is: 

SiO(gas) + 2C(solid) = SiC(solid) + 2C0(gas). 

Examples of pure carbon containing reduction materials are petrol coke and 
carbon black. These materials do. however, have properties which make 
them unsuitable as reduction materials due to the fact that they are not able 
to react quickly with the SiO gas and thus conserve this in the process. 
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Particularly, for production of silicon it is a wish to be able to use petrol coke 
and carbon black as reduction materials as these carbon materials have a 
very low content of impurities and thus can be used for production of high 
purity silicon. 

5 With fine particulate carbon materials it shall herein be understood carbon 
materials where a substantial part passes through a sieve with square light 
openings of 3 mm. 

Disclosure of Invention 

By the present invention one has now arrived at an agglomerate which 
10 contains a substantial amount of fine particulate carbon materials which 
agglomerates show a surprisingly high reactivity when used as a reduction 
material in metallurgical metal reduction processes and which have a 
sufficient mechanical strength to withstand transport to smelting furnaces. 

The present invention thus relates to carbon containing agglomerates for use 
15 as a reduction material in production of metals and alloys, which 
agglomerates are characterized in that they comprise a binder and 10 to 80 % 
by weight of one or more fine particulate carbon materials dispersed in a 
carbon-containing material which has or which forms pores during heating. 

According to a preferred embodiment the agglomerates contain one or more 
20 fine particulate carbon materials selected among the group of petrol coke, 
char coal, carbon black and coal. 

The agglomerates preferably comprise between 25 and 70 % by weight of 
fine particulate carbon material. 

The carbon-containing material which has or forms pores during heating is 
25 preferably a baking coal with a free swelling index of more than 4, pitch, tar or 
biomass. The free swelling index for coal varies between 0 and 10 according 
to the ASTM standard. 
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As biomass it can be used a biomass having a fibre length which Is adjusted 
to the size of the agglonnerates and which preferably are pretreated by cutting 
or crushing or which is in the form of a waste material having a suitable fibre 
length, such as sawdust. Biomass treated with water vapour under high 
5 pressure has been found to be particularly suited as a porous carbon- 
containing material for dispersion of the fine particulate carbon materials. 

As a binder it can be used binders or combinations of binders which give 
sufficient strength to the agglomerates at low temperatures In order to 
transport the agglomerates without producing to much fines and which gives 
10 the agglomerates sufficient strength at high temperature to avoid 
desintegration when the agglomerates are supplied to a smelting furnace. 

it can be used combinations of binders to ensure that the agglomerates have 
a sufficient strength both at low and at high temperatures. 

As binders It can be used thermosetting resins, lignin or similar binders which 
15 give a good strength at low temperatures and which fonns a binder phase of 
carbon when heated to provide a good strength at high temperatures. 

Other binders that can be used are carboxy methyl cellulose (CMC) which 
gives a good strength at low temperatures, but has a low coke value that 
gives a relative low strength at high temperature. CMC is therefore preferably 

20 combined with other binders that give the agglomerates an increased strength 
at high temperatures. Examples of such binders are baking coals, tar, pitch 
and bituminous compounds obtained from distillation of oil. Baking coal, tar 
and pitch can thus be used both as carbon-containing porous material for 
dispersion of the fine particulate carbon materials and as a binder in the 

25 agglomerates. 

Other binders that can be used are water glass or starch together with a high 
temperature binder such as baking coal, tar, pitch or bituminous compounds 
from distillation of oil. 
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It has surprisingly been found that the agglomerates according to the present 
invention have a very high reactivity. While lumpy petrol coke shows a very 
low SiO reactivity, agglomerates according to the invention where the carbon 
material is fine particulate petrol coke dispersed in a carbon-containing 
5 material that has or fomis pores during heating, have a SiO reactivity which is 
at least as good as the best available lumpy carbon reduction material. 

It is believed that the main reason for the very high SiO reactivity for the 
agglomerates according to the invention is due to the fact that the fine 
particulate carbon particles are dispersed in the carbon-containing material 
10 that has or fomns pores during heating, whereby a very high surface area is 
available for the reaction gases. 

Detailed description of the Invention 

The present invention will now be further described by way of examples. 

EXAMPLE 1 (Prior Art) 

15 A reaction chamber was filled with lumpy petrol coke having a particle size 
between 4 and 6.35 mm and the SiO reactivity for the petrol coke was 
measured. 

SiO reactivity was measured by means of a standardized method where a 
gas mixture consisting of 13.5 % SiO, 4.5 % CO the remainder being argon. 

20 at a temperature of about 1650°C is passed through a bed of the material to 
be tested. When the gas mixture comes into contact with the carbon material 
in the bed. more or less SiO(g) will react with the carbon to form SiC and CO- 
gas. The content of CO in the gas mixture which has passed through the 
carbon materials in the bed is analyzed and the amount of SiO which has 

25 reacted with carbon for the formation of SiC is calculated. The amount of SiO 
which passes the bed unreacted gives a measure for the reactivity as a low 
amount of SiO reflects a high reactivity while a high amount of SiO reflects a 
low reactivity. This method is described in the paper "Reactivity of reduction 
materials in the production of Silicon. Silicon-rich Ferro alloys and Silicon- 
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Carbide" by J.Kr. Tuset and O. Raaness. AIME El. Furnace Conference, 
StLois, Miss. Dec. 1979. 

When the off-gas analysis showed that all carbon in the petrol coke was 
reacted to silicon carbide, 4700 ml of SiO gas had reacted with the carbon to 
s silicon carbide, while 3500 ml SiO gas had passed through the reactor without 
reacting. 

EXAMPLE 2 

It was produced an agglomerate according to the invention consisting of 67 % 
fine particulate petrol coke and 33 % biomass and with lignin as a binder. The 

10 agglomerate had a particle size between 4 and 6.35 mm. The agglomerates 
were filled into the reactor in the same amount as in example 1 and the SiO 
reactivity was measured. When the off-gas analysis showed that all carbon in 
the agglomerates was reacted to silicon carbide. 4700 ml SiO had reacted 
with the carbon to form silicon carbide while 500 ml SiO gas had passed 

15 through the reactor without reducing. 

By comparing the amount of unreacted SiO in examples 1 and 2 it will be 
seen that the agglomerates according to the present invention containing fine 
particulate petrol coke show a surprisingly increased SiO reactivity compared 
to the SiO reactivity of lumpy petrol coke according to example 1 . 

20 EXAMPLE 3 (Prior Art) 

Char coal produced from eucalyptus tree was crushed and placed in the 
reaction chamber mentioned in example 1. The SiO reactivity was measured 
in the same way as described in example 1 . When all carbon in the char coal 
had reacted to silicon carbide, 2700 ml SiO gas had reacted with the carbon 
25 to silicon carbide, while 600 ml SiO passed through the reactor without 
reacting. 



wo 01/25496 



PCT/NOOO/00315 



EXAMPLE 4 

It was produced agglomerates according to the present invention by mixing 
40 % by weight fines from char coal and 60 % by weight biomass and adding 
lignin as a binder. The agglomerates were supplied to the reactor in such an 

5 amount that the amount of carbon in the reactor was the same as in example 
3. The SiO reactivity was thereafter measured. When all carbon in the 
agglomerates had reacted to silicon carbide, 2700 ml SiO gas had reacted 
with the carbon to silicon carbide while 280 ml SiO gas had passed through 
the reactor without reacting. By comparing the results from example 3 and 4 it 

10 can be seen that the SiO reactivity of the agglomerates according to the 
invention was substantially higher than the SiO reactivity for char coal, even 
though lumpy char coal is considered as the carbon reduction material having 
the highest SiO reactivity. 

EXAMPLE 5 (Prior Art) 

15 Lumpy coal was heated in inert atmosphere at 1 200°C for formation of coke. 
The produced coke was placed in the reaction chamber in the same way as 
described in example 1 . 

The SiO reactivity was measured in the same way as in example 1 . When all 
carbon in the coke has reiacted to silicon carbide, 5600 ml SiO gas had 
20 reacted with the carbon to form silicon carbide while 800 ml SiO gas had 
passed through the reactor without reacting. 

EXAMPLE 6 

It was produced agglomerates according to the invention by mixing 40 % by 
weight of fines from the coal used in example 5 with 60 % by weight of 
25 biomass and with lignin as binder. The agglomerates were supplied to the 
reactor in an amount providing the same amount of carbon as in example 5, 
whereafter the SiO reactivity was measured. When all carbon in the 
agglomerates had reacted to silicon carbide, 5600 ml SiO had reacted with 
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^ the carbon to silicon carbide, while 400 ml SiO gas had passed through the 
reactor without reacting. 

By comparing the results from example 5 and 6 it can be seen that the SiO 
reactivity of the agglomerates according to the present invention containing 
s fine particulate coal was appreciably higher than the SiO reactivity of coke 
produced from the same type of coal. 

EXAMPLE 7 

It was produced agglomerates according to the present invention consisting of 
50 % fine particulate petrol coke and 50 % Longyear coal from Spitsbergen 

10 having a free swelling index between 8 and 9 and a particle size of less than 1 
mm. 3 % by weight of water glass was added as a binder. The mixture was 
agglomerated and heated to 1200^C in an inert atmosphere. The 
agglomerates were supplied to the reactor in the same amount as in example 
1 and the SiO reactivity was measured. When the off-gas analysis showed 

IS that all carbon in the agglomerates had reacted to silicon carbide, 1200 ml 
SiO gas has passed the reactor without reacting. By comparing with example 
1 this example shows that the reactivity of petrol coke increases substantially 
by using baking coal as a porous forming medium for petrol coke. 
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CLAIMS 



1. Carbon containing agglomerates for use as a reduction material in 
5 production of metals and alloys, characterized in that they 

comprise a binder and 10 to 80 % by weight of one or more fine particulate 
carbon materials dispersed in a carbon-containing material which has or 
which fonns pores during heating. 

2. Carbon-containing agglomerates according to claim 1, character- 
10 i z e d in that the fine particulate carbon materials are selected among the 

group of petrol coke, char coal, carbon black and coal. 

3. Carbon-containing agglomerates according to claim 1, character- 
ized in that they comprise between 25 and 70 % by weight of fine 
particulate carbon material. 

IS 4. Carbon-containing agglomerates according to claim 1, character- 
ized in that the carbon-containing material which has or fomns pores 
during heating is selected among a baking coal with a free swelling index of 
more than 4, pitch, tar and biomass. 

5. Carbon-containing agglomerates according to claim 1, character- 
20 i z e d in that they contain biomass treated with water under high 

pressure. 

6. Carbon-containing agglomerates according to claim 1, character- 
ized in that the binder is lignin. 

7. Carbon-containing agglomerates according to claim 1, character- 
25 i z e d in that the binder is a thermosetting resin. 

8. Carbon-containing agglomerates according to claim 1, character- 
ized in that the binder is carboxy methyl cellulose. 
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9. Carbon-containing agglomerates according to claim 1, character- 
ized in that the binder is a mixture of carboxy methyl cellulose and a 
high temperature binder selected among baking coal, tar, pitch and 
bituminous compounds from the distillation of ribs. 

10. Carbon-containing agglomerates according to claim 1, character- 
ized in that the binder is a mixture of water glass and a high 
temperature binder selected among baking coal, tar, pitch and bituminous 
compounds from the distillation of oils. 

1 1 . Carbon-containing agglomerates according to claim 1, character- 
ized in that the binder is a mixture of starch and a high temperature 
binder selected among baking coal, tar, pitch and bituminous compounds 
from the distillation of oils. 
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